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Chlorine-rich fluid is a powerful solvent, can coexist with CO2-rich fluid under the granulite facies condition and has low-
H2O activity (Newton & Manning, 2010; Tropper et al., 2011; Heinrich et al., 2004). Reducing the H2O activity of aqueous 
fluid by adding NaCl and KCl changes a dP/dT of the NaCl- and KCl-saturated wet solidus to positive one and shifts it to the 
high-T side compared to that of the CO2-H2O fluid with the same XH2O (Aranovich et al., 2013). The importance of Cl-rich 
fluid during metamorphism is gradually recognized. However, the P-T condition, timing, and scale of Cl-rich fluid activity in 
the continental collision setting are still not understood. Higashino et al. (2013) found that the Cl-rich fluid infiltrated into the 
garnet-biotite-sillimanite gneiss from Balchenfjella at ca. 800℃, 0.8 GPa, and 603 ± 14 Ma, by using the Cl concentration of 
biotite and apatite. In the same sample, modal amount of REE-bearing minerals significantly changed from monazite-dominant 
one to zircon- and xenotime-dominant one at the boundary of Cl-rich fluid infiltration. 
In a garnet-orthopyroxene-biotite gneiss from Brattnipane (Kusuriyubi-one), the Cl-rich biotite is exclusively included in 
garnet porphyroblasts. Assuming that later Cl-poor fluid did not change the matrix biotite composition significantly and the 
effect on the P-T estimation is small, the garnet-biotite geothermometer (Holdaway, 2000) and the garnet-biotite-plagioclase-
quartz geobarometer (Wu et al., 2004) applied to the assemblage of garnet core, biotite present in the matrix and plagioclase 
included in the garnet give T≧795℃ and P≧0.96 GPa. This represents the P-T condition of garnet formation either after or 
simultaneous with the Cl-rich fluid activity. From this P-T condition, log[fHCl/fH2O] of fluid coexisted with Cl-rich biotite 
included in the garnet can be estimated as log[fHCl/fH2O]≧-2.77 (Selby & Nesbitt, 2000), as high as the value obtained from 
Balchenfjella (Higashino et al., 2013). Because the garnet constitute the penetrative gneissosity of this area, the Cl-rich fluid 
activity took place before or simultaneous with the penetrative gneissosity formation. 
In a garnet-orthopyroxene-hornblende gneiss from Brattnipane (Koyubi-one), ca. 1 cm-thick garnet-amphibole veinlets cut 
the penetrative gneissosity. Chlorine-content of amphibole and biotite gradually decreases with distance from the vein center. 
Sodium-content of plagioclase and K-content of amphibole also gradually decrease with distance from the vein center. 
Therefore, this small vein could be formed by Cl-, Na- and K-bearing fluid infiltration. Using the wall rock mineral 
assemblage of garnet core, biotite in the matrix and plagioclase included in the garnet that is less affected by the Cl-rich fluid 
infiltration, the garnet-biotite geothermometer (Holdaway, 2000) and the garnet-biotite-plagioclase-quartz geobarometer (Wu 
et al., 2004) gave T≧750℃ and P≧0.79 GPa. This would represent the P-T condition of wall rock formation. On the other 
hand, P-T condition for the small vein formation is estimated to be 680-820℃, 0.6-0.7GPa from the mineral assemblage of 
garnet core, hornblende present in the matrix and plagioclase present in the matrix using the garnet-hornblende 
geothermometer (Ravna, 2000) and the garnet-hornblende-plagioclase-quartz geobarometer (Kohn & Spear, 1990). Using this 
P-T condition, log[fHCl/fH2O] of the fluid coexisted with the Cl-rich biotite present in the vein can be estimated to be -2.62 to -
2.38 which is almost the same value as that obtained from the garnet-orthopyroxene-hornblende gneiss from Kusuriyubi-one 
taking the error range of P-T estimation into account (Selby & Nesbitt, 2000). This observation is the evidence that the Cl-rich 
fluid infiltrated after the penetrative gneissosity formation. These pieces of observation show that multi-stage Cl-rich fluid 
infiltration occurred at Brattnipane, implying that the Cl-rich fluid might be the common phenomena during the peak- to post-
peak-metamorphic processes in the Sør Rondane Mountains. 
With an introduction of pure H2O, partial melting is possible under these P-T conditions. However, positive slope of wet 
solidus above 0.2 GPa in a brine system (Aranovich et al., 2013) suggests that partial melting does not occur at XH2O≧0.5 
under these P-T conditions. The Cl-rich fluid has low viscosity and low wetting angle (Watson & Brenan, 1987; Holness, 
1997) and has much greater infiltration ability than the CO2-rich fluid. Therefore, it can potentially play an important role in 




Aranovich, L.Y., Newton, R.C., Manning, C.E., Brine-assisted anatexis: Experimental melting in the system haplogranite-
H2O-NaCl-KCl at deep-crustal conditions, Earth and Planetary Science Letters, 374, 111-120, 2013. 
Heinrich, W., Churakov, S.S., Gottschalk, M., Mineral-fluid equilibria in the system Ca-MgO-SiO2-H2O-CO2-NaCl and the 
record of reactive fluid flow in contact metamorphic aureoles. Contributions to Mineralogy and Petrology 148, 131-149, 
2004. 
Higashino, F., Kawakami, T., M. Satish-Kumar, Ishikawa, M., Maki, K., Tsuchiya, N., Grantham, G.H., Hirata, T., Chlorine-
rich fluid or melt activity during granulite facies metamorphism in the Late Proterozoic to Cambrian continental collision 
zone- An example from the Sør Rondane Mountains, East Antarctica, Precambrian Research, 234, 229-246, 2013. 
Holdaway, M.J., Application of new experimental and garnet Margules data to the garnet-biotite geothermometer, American 
Mineralogist, 85, 881-892, 2000. 
Holness, M.B., Surface chemical controls on pore-fluid connectivity in texturally equilibrated materials. In: Jamtveit, B., 
Yardley, B.W.D. (Eds.), Fluid Flow and Transport in Rocks. Chapman and Hall, London, pp. 149-169, 1997. 
Kohn, M.J., Spear, F.S., Two new geobarometers for garnet amphibole, with applications to southern Vermont, American 
Mineralogist, 75, 89-96, 1990. 
Newton, R.C., Manning, C.E., Role of saline fluids in deep-crustal and upper-mantle metasomatism: Insights from 
experimental studies. Geofluids 10, 58-72, 2010. 
Ravna, E.K., Distribution of Fe2+ and Mg between coexisting garnet and hornblende in synthetic and natural systems: an 
empirical calibration of the garnet-hornblende Fe-Mg geothermometer, Lithos, 53, 265-277, 2000. 
Selby, D., Nesbitt, B.E., Chemical composition of biotite from the Casino porphyry Cu-Au-Mo mineralization, Yukon, 
Canada: evaluation of magmatic and hydrothermal fluid chemistry, Chemical Geology, 171, 77-93, 2000. 
Tropper, P., Manning, C.E., Harlov, D.E., Solubility of CePO4 monazite and YPO4 xenotime in H2O and H2O-NaCl at 800ºC 
and 1 GPa: Implications for REE and Y transport during high-grade metamorphism, Chemical Geology, 282,58-66, 2011. 
Watson, E.B., Brenan, J.M., Fluids in lithosphere, 1. Experimentally determined wetting characteristics of CO2-H2O fluids and 
their implications for fluid transport, host-rock physical properties and fluid inclusion formation. Earth and Planetary 
Science Letters 85, 594-615, 1987. 
Wu, C., Zhang, J., Ren, L., Empirical garnet-biotite-plagioclase-quartz (GBPQ) geobarometry in medium- to high-grade 
metapelites, Journal of Petrology, 45, 1907-1921, 2004. 
 
 
